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@ A multi-electron-beam pattern drawing apparatus. 

(5?) A multi-electron-beam pattern drawing apparatus having a 
plurality of electron beam sources (ES0-ES15) and a plurality of 
electron beam sensors (e.g. S1-S9), provided on a common 
base member (MB), is disclosed. The electron beam sources 
can be selectively driven for different uses, such as a pattern 
drawing (exposure) purpose and position detecting purpose, 
for example. In another aspect the apparatus is provided with a 
function for correcting the pattern drawing magnification. 
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Des ription 



A MULTI-ELECTRON-BEAM PATTERN DRAWING APPARATUS 



FIELD OF THE INVENTION AND RELATED ART 

This invention relates to an electron beam pattern 5 
drawing apparatus usable in the manufacture of 
semiconductor microcircuits and, more particularly, 
to a multi-electron-beam pattern drawing apparatus 
which includes a plurality of electron emitting 
sources. The present invention is applicable also to a 10 
charged-particle pattern drawing apparatus using 
charged particles such as ions, other than electrons. 

Conventionally, efforts have been made to de- 
velop a multi-electron-beam pattern drawing appara- 
tus wherein a plurality of electron producing sources 15 
are provided and electron flows emitted from these 
electron producing sources are focused and de- 
flected, as desired, by suitable focusing and deflect- 
ing means, provided separately from the electron 
producing sources, whereby a desired circuit pat- 20 
tern is drawn on a semiconductor wafer. 

Traditional electron emitting sources utilize 
emission of thermoelectrons from a hot cathode. 
However, this type of electron emitting sources 
involve problems of a large loss in the energy due to 25 
the heating, the necessity of provision of heating 
means, unstableness due to the use of heat, the 
bulkiness which easily results in the bulkiness and 
complication of the pattern drawing apparatus 
including plural electron emitting sources, and so 30 
on. 

In consideration of such inconveniences, studies 
have been made to develop an electron emitting 
source that does not rely on heating but utilizes 
electron emission from a cold cathode, and various 35 " 
proposals and reports have been made. Examples of 
such an electron emitting source are as follows: 

(1) An electron emitting element of the type 
that an inverse bias voltage is applied to a p-n 
junction to cause avalanche breakdown 40 
whereby electrons are emitted out of the 
element. This type of electron emitting element 

is disclosed in U.S. Patent No. 4,259,678 and 
Japanese Laid-Open Patent Application, Laid- 
Open No. Sho54-1 1 1 272. 45 

(2) An MIM type electron emitting element 
wherein a layered structure of metal-insulator- 
metal is provided and wherein an electric 
voltage is applied between two metal layers, 
whereby electrons passed through the insulat- 50 
ing layer due to the tunnel effect are emitted 
from the metal layer to the outside of the 
element. 

(3) A surface conduction type electron 
emitting element wherein an electric voltage is 55 
applied to a high-resistance thin film in a 
direction perpendicular to the film direction, 
whereby electrons are emitted from the surface 

of the thin film to the outside of the element. 

(4) A field-effect type (FE type) electron 60 
emitting element wherein an electric voltage is 
applied to a metal member having such shape 

that easily causes the electric field concentra- 



tion, so that a high-density electric field is 
produced locally whereby electrons are emitted 
from the metal member to the outside of the 
element. 

It has been considered to incorporate, into an 
electron beam pattern drawing apparatus and as a 
charged-particle producing source means, a plu- 
rality of electron emitting elements of the type 
wherein the emission of electrons from a cold 
cathode is utilized as described hereinbefore. In 
such an apparatus, more specifically, the emission of 
electrons from the electron producing sources may 
be selectively controlled so that the electrons are 
emitted pattern-wise, as desired, the emitted elec- 
trons impinging upon the surface of a workpi ce 
such as a wafer, whereby a desired circuit pattern 
can be drawn on the workpiece by means of the 
electron beam exposure. Since the electron produc- 
ing source means of the type described just above 
can be made compact, use of plural electron 
producing source, means such as above in a 
multi-electron beam pattern drawing apparatus will 
be effective to reduce the size of the apparatus. 

SUMMARY OF THE INVENTION 

Usually, in conventional electron beam pattern 
drawing apparatuses, an additional light source 
should be used to allow execution of alignment, and 
this results in bulkiness and complication of the 
apparatus. Further, in order to meet any change in 
the size of chips on a wafer, it is necessary to 
displace one or more alignment mark detectors. The 
displacement of the detectors causes a problem of 
creation of minute foreign particles. 

The alignment accuracy can be improved by 
simultaneously detecting plural alignment marks. 
However, to allow this, it is necessary to use plural 
detectors corresponding to the alignment marks to 
be detected and a plurality of signal processing 
circuits, such that mark signals can be detected 
distinguishably and respective mark positions can 
be detected exactly. This makes the apparatus bulky 
and complicated. 

Usually, in order to improve the efficiency of 
electron beam production and/or to prevent attenu- 
ation of the emitted electron beam, an electron 
beam pattern drawing apparatus as a whole is 
disposed in a vacuum ambience. However, this 
requires the entire structure as being bulky. 

Another problem is that, in an occasion where 
there occurs a change in the shape of a workpi ce 
such as a wafer due to the effect of heat or 
otherwise, applied thereto in the course of process- 
ings such as a heat treatment or otherwise, it is very 
difficult to draw a circuit pattern in a predetermined 
pattern drawing range (e.g. one chip region) exactly 
in accordance with the pattern data which is preset. 

Accordingly, it is an object of the present 
invention to provide a multi-electron-b am pattern 
drawing apparatus by which at least one of the 
above-described problems can be solved. 
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It is another object of the present invention to 
provide a multi-electron-beam pattern drawing ap- 
paratus having a simple and compact structure but 
being capable of attaining high-precision processing 
(exposure) for manufacture of semiconductor chips 
of various sizes. 

It is a further object of the present invention to 
provide a multi-electron beam pattern drawing 
apparatus which is capable of detecting any change 
in the shape of a workpiece such as a wafer and also 
capable of exactly drawing a desired circuit pattern 
within the range of each semiconductor chip 
irrespective of the change in the shape of the 
workpiece. 

These and other objects, features and advantages 
of the present invention will become more apparent 
upon a consideration of the following description of 
the preferred embodiments of the present invention 
taken in conjunction with the accompanying draw- 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic view of an electron 
beam apparatus according to a first embodi- 
ment of the present invention, wherein the 
electron beam apparatus is applied to the 
exposure of a semiconductor wafer. 

• Figures 2A - 2C show an example of an 
electron beam head usable in the electron 
beam apparatus of the Figure 1 embodiment, 
wherein Figure 2A is a bottom view, Figure 2B is 
a section taken on a line B-B in Figure 2A, and 
Figure 2C is a section taken on a line C-C in 
Figure 2A. 

Figures 3 and 4 are fragmentary sections, 
respectively, schematically showing other 
forms of electron beam heads usable in the 
electron beam apparatus of the Figure 1 
embodiment. 

Figure 5 is a schematic view of an electron 
beam apparatus according to a second em- 
bodiment of the present invention. 

Figures 6A - 6D are schematic views, respec- 
tively, showing third, fourth, fifth and sixth 
embodiments of the present invention, respec- 
tively. 

Figure 7 is a schematic and diagrammatic 
view for explicating selective use of electron 
beam sources in a case where an electron 
beam head of the type as employed in the 
Figure 1 embodiment, for example, is used. 

Figures 8 and 9 show an electron beam 
pattern drawing apparatus according to a 
seventh embodiment of the present invention, 
wherein Figure 8 is a top plan view and Figure 9 
is a side view : both showing the positional 
relation of plural electron sources with a wafer. 
. Figures 10A and 10B are schematic views, 
respectively, showing examples of patterns that 
can be drawn on a wafer by use of electron 
source devices shown in Figures 11 and 12, 
respectively. 

Figure 11 is a schematic view showing a 
modified form of an electron beam head usable 
in the Figure 8 embodiment, the arrangement 



and configuration of the electron emitting 
portions thereof and the manner of pattern 
drawing using the electron beam head. 

Figure 12 is a schematic view showing a 

5 further form of an electron beam head usable in 

the Figure 8 embodiment, and for explicating 
the manner of pattern drawing by use of the 
electron beam head. 

Figure 13 is a schematic top plan view for 

10 explicating the manner of monitoring the incli- 

nation of an electron source array with respect 
to a wafer, in an electron beam pattern drawing 
apparatus according to a further embodiment of 
the present invention. 

15 Figures 14A-14D are schematic views, re- 

spectively, for explicating the principle of cor- 
rection of the pattern drawing in the apparatus 
of the Figure 8 embodiment. 

20 DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring first to Figure 1, there is schematically 
shown a multi-electron-beam pattern drawing ap- 
paratus according to a first embodiment of the 

25 present invention. In this embodiment, the invention 
is applied to a case where electron beams emitted 
from plural electron sources are deflected and 
scanned so that desired circuit patterns are drawn 
on different chips, respectively. 

30 In Figure 1, reference character WF denotes a 
wafer which is placed on an X-Y-9 stage (not shown) 
and which is formed of a semiconductor such as 
silicon, gallium or otherwise. The upper surface of 
the wafer WF is coated with a suitable resist material 

35 which has a sensitivity to the electron beam. 
Reference characters CP1 - CPn denote plural dif- 
ferent exposure regions each corresponding to a 
portion of the wafer which is going to be formed into 
one chip as a result of the dicing to be made after 

40 completion of the pattern drawing. Reference char- 
acters M1 - M8 denote prealignment marks or fin 
alignment marks, respectively, which are formed on 
the wafer WF. Electron beam producing head MB is 
mounted on a stage MS and supported thereby. The 

45 alignment marks M1 - M8 are formed on the wafer 
during the first pattern drawing process and by use 
of the electron beams supplied from the electron 
beam head MB. The stage MS is provided with 
actuators such as, for example, piezoelectric de- 

50 vices Px, Py and P9, so that it is displaceable by a 
minute amount in each of the X, Y and 9 (rotational) 
directions. The piezoelectric devices Px t Py and P9 
can be used for the alignment of the electron beam 
head with the wafer WF. 

55 Further, the electron beam head MB is provided 
with a plurality of electron beam producing sources 
ESO - ES15. In this embodiment, each electron beam 
producing source comprises such a source as 
having the structure and function which will be 

60 described later with reference to Figure 2. Alterna- 
tively, each electron beam producing source may 
comprise an electron emitting element of the type, 
as described, wherein a cold cathode is used to emit 
electrons. 

65 The electron beam producing sources ESO and 
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ES15 are provided to be exclusively used for the 
alignment. The electron beam producing sources 
ES1 - ES14 are provided to be exclusively used for 
the exposure or, alternatively, they may be used also 
for the alignment purpose. In this embodiment, the 
exposing electron beam producing sources 
ES1 - ES14 are used in pairs, each pair undertaking 
the pattern drawing with respect to each of the chips 
in one array extending in the X direction. For 
example, the upper half CP1U of the chip (exposure 
region) CP1 is subjected to the pattern drawing by 
means of the electron beam producing source ES1, 
while the lower half CP1 L is subjected to the pattern 
drawing by means of the electron beam producing 
source ES2. Similarly, with regard to the exposure 
regions CP2 - CPS, each upper half is subjected to 
the pattern drawing by use of the electron beam 
producing source ES1, while each lower half is 
subjected to the pattern drawing by use of the 
electron beam producing source ES2. Each of the 
electron beam producing sources ES0-ES15 is 
provided with deflecting electrodes X1 , X2, Y1 and 
Y2 for deflecting the emitted electron beam in each 
of the X and Y directions. Further, there are provided 
sensors such as denoted at S1 - S9. These sensors 
may be of the type having a sensitivity to light or to 
electrons. 

Keyboard KB, display DP and controller CAD are 
usable to design a circuit pattern of one chip, the 
information concerning this being supplied to a 
one-chip pattern generator PG. In response, the 
pattern generator PG operates to divide the one- 
chip pattern drawing information into a plurality of 
pattern drawing information segments each related 
to a portion of one chip (e.g. the upper half or the 
lower half thereof), the divided pattern drawing 
information segments being supplied to half-chip 
memories MU and ML. These memories MU and ML 
are operable to supply, at the same time, the pattern 
drawing information to each of the electron beam 
producing sources ES1, ES3 and ESS - ES13 (each 
undertaking the pattern drawing with respect to the 
lower half of each chip) and to each of the electron 
beam producing sources ES2, ES4 and ES6 - ES14 
(each undertaking the pattern drawing with respect 
to the lower half of each chip). It should be noted 
that there are provided a pair of memories MU and a 
pair of memories ML. The paired memories may be 
used alternately, so that any loss in the time for the 
data transfer from the pattern generator PG can be 
avoided substantially. The design circuit pattern is 
divided into halves, in this embodiment. However, 
the circuit pattern may be divided into three or more 
portions. It is, of course, necessary to use memories 
of a number corresponding to the number of the 
divided portions. 

In accordance with the pattern drawing informa- 
tion from the memory MU or ML, each electron beam 
producing source operates, with the aid of the 
deflection of an electron beam in the X direction by 
means of the associated X-direction deflecting 
electrodes X1 and X2, to effect the pattern drawing 
with respect to the X direction and within a range 
that can be covered by the electron beam defl ction. 
At the same time, the wafer WF and the head MB are 



relatively and continuously moved in the Y direction, 
so that the pattern drawing with respect to all the 
pictur elements in the Y direction included in each 
half r gion is accomplished. Sine the movement in 
5 the Y direction is continuous, there occurs a shift in 
the Y direction each time the pattern drawing in the X 
direction is carried out for one picture element in the 
Y direction. The Y-direction deflecting electrodes Y1 
and Y2 are used to compensate this. Additionally, 

10 while relatively and intermittently moving the wafer 
WF and the head MB in the X direction, the pattern 
drawing is repeatedly executed whereby the pattern 
drawing with regard to chips in one array extending 
in the Y direction is accomplished. 

15 As described, the electron beam sources can 
operate to effect the pattern drawing, substantially 
simultaneously, with regard to the chips in one array 
(e.g. chips CP6, CP13, CP20, CP27 and CP34) of the 
wafer WF extending in the Y direction. Accordingly, 

20 high-speed pattern drawing is attainable. 

The deflecting electrodes X1, X2. Y1 and Y2 can 
be used both for the initial adjustment of the axis of 
the electron beam and for the alignment of the 
electron beam with the wafer or the chip. For 

25 example, the positions of alignment marks M4 and 
M5 of the chip CP1 may be detected by the sensors 
S4 and S5 and, on the basis of the detected 
positional information, the deflecting electrodes X1, 
X2 t Yl and Y2 of each of the electron beam sources 

30 ES1 and ES2 may be actuated to change the position 
of irradiation of the electron beam upon the wafer. 
As for the chip alignment marks, one and the same 
mark (such as a mark M6) may be provided for two 
chips (such as chips CP6 and CP13). 

35 As for the prealignment marks, on the other hand, 
there are provided marks such as denoted at M1, 
M2, M7 and M8. For example, the position of the 
mark M1 may be detected by the sensor S1, while 
the position of the mark M2 may be detected by 

40 another sensor (not shown). On the basis of the 
result of detection, the initial positional adjustment 
of the head MB may be carried out by means of the 
piezoelectric devices Px. Py and P0. Then, the chip 
alignment mark M3, the sensor S3 and otherwise are 

45 used to measure the positional deviation and, on the 
basis of the result of measurement, the electron 
beam irradiating position is corrected by use of the 
deflecting electrodes X1, X2 f Y1 and Y2. After this is 
accomplished, the pattern drawing is started. In the 

50 course of the pattern drawing operation, the oper- 
ation may be temporally stopped and the alignment 
may be made again by use of marks M7 and M8. 

The dimension of each chip on a wafer may be 
changed as a result of the change in shape of the 

55 wafer which might be caused by the temperature 
change, the heat treatment of the wafer or other- 
wise. If the size of the chip on the wafer changes, 
there occurs an error or difference between the 
actual chip size and the electron beam pattern 

60 drawing range within which the pattern drawing 
should be made * in accordance with the preset 
circuit pattern data. If such an error or differ nee 
occurs, it is not possible to draw a desired circuit 
pattern correctly in each chip. 

65 Such an inconvenience can be solved by the 
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present invention. Namely, any change (the amount 
of change) in the size of each of the chips on the 
wafer, resulting from the change in shape of the 
wafer, can be determined by detecting the change in 
the coordinate system position of an alignment mark 
corresponding to that chip. More specifically, with 
regard to the Y direction, the sensors or detectors 
for detecting the alignment marks are always held in 
a fixed positional relationship, as shown in Figure 1. 
Therefore, any change in the alignment mark 
position as assumed at the current exposure 
process as compared with that as assumed at the 
preceding exposure process, can be detected from 
the change in the relative position of the mark with 
regard to the corresponding detector. 

With regard to the X direction, the error can be 
detected on the basis of any change in the interval 
between the alignment marks of adjacent chips in an 
array extending in the X direction. 

A series of operations described above are made 
under the influence of the controller CAD shown in 
Figure 1 , the sequence being preparatorily stored as 
a software into the controller CAD. 

In accordance with the thus detected change in 
the size of each chip, the electron beam irradiating 
position on the wafer is corrected. More particularly, 
in consideration of the amount of change described 
above and the moving speed of the wafer WF, the 
axis of an electron beam emitted from a correspond- 
ing electron beam source is deflected by use of 
deflecting electrodes X1, X2, Y1 and Y2 so as to 
change the beam irradiating position. 

The mark detection in these occasions is attain- 
able in various ways. For example, the reflected 
electron detecting system or the secondary electron 
detecting system, both of which are well known in 
the art, may be used. Namely, an electron beam may 
be projected, e.g., from the electron beam source 
ESO toward the mark M7, and reflected electrons 
and/or secondary electrons caused as a result of the 
electron beam irradiation may be detected by the 
sensor S7. By this, the position of the mark 7 can be 
detected. As for such a sensor 7, a p-n junction of a 
semiconductor, for example, is usable. 

It should be noted that, in a case of mark detection 
using an electron beam, it is necessary to set the 
intensity of the electron beam and the time for the 
electron beam irradiation so as not to obstruct the 
mark reading. 

if it is desired to detect plural marks at a time, it is 
preferable to irradiate the marks with an electron 
beam at different timings so that these marks are 
detected at different timings. By doing so, the 
irradiation of a mark with an electron beam can be 
easily discriminated from the irradiation of another 
mark with an electron beam and, therefore, the plural 
marks can be detected by use of a single signal 
processing means. 

Figure 2A is a fragmentary bottom view showing 
an example of an electron beam emitting head MB 
which is usable in the Figure 1 embodiment. In 
Figure 2A, one electron beam emitting source, 
namely one electron emitting element, is illustrated. 
Figures 2B and 2C are sectional views, respectively, 
taken on a line B-B and a line C-C in Figure 2A, 



respectively. 

In Figures 2A - 2C, reference character GL 
denotes an insulative base plate which is formed of, 
for example, glass, ceramics, crystal or otherwise! 
5 On the lower surface of the base plate GL, a number 
of electron beam emitting sources each being of the 
surface conduction type are provided and dispos d 
in an array extending in the direction of the line B-B 
in Figure 2A. Each electron beam emitting sourc 
10 includes a high-resistance thin film RS and elec- 
trodes D1 and D2 which are formed on the lower 
surface of the base plate GL. The high-resistance 
thin film RS can be formed, for example, by 
electrically energizing, under a high temperature, a 
15 metal thin film such as Pt, Au, Mo, C, Pd or otherwis 
or a metallic oxide thin film such as Sn02. 1^03, TiO 
or otherwise, to thereby cause breaking of the film 
structure. The thickness of the high-resistance thin 
film RS is, for example, of an order of 100 - 10000 
20 Angstroms, and its resistance is, for example, of an 
order of several kiloohms to several hundreds 
megaohms. As illustrated in the drawings, the 
electrodes D1 and D2 are connected to the opposit 
ends of the high-resistance thin film RS in the 
25 direction of the line C-C in Figure 2A. Each of the 
electrodes D1 and D2 may comprise an ordinary thin 
film electrode made of, for example, a metaJ such as 
Pt, Au, Ag or otherwise. 

On the lower surface of the base plate GL, there is 
30 formed an electrically insulating layer IS which is 
provided to cover the base plate GL as well as the 
electrodes D1 and D2, except for the portion below 
the high-resistance thin film RS. The insulating layer 
may be made of, for example, Si02, SiN, Si3N 4 , AIN, 
35 BN or otherwise. On the lower surface of the 
insulating layer IS, there are provided a pair of 
deflecting electrodes X1 and X2 and another pair of 
deflecting electrodes Y1 and Y2 which are extending 
in parallel to the direction of line B-B and th 
40 direction of line C-C with regard to the high-resist- 
ance thin film RS. Each of these deflecting elec- 
trodes may be made of a similar material as that of 
the electrode D1 or D2. 

Denoted at S9 and S10 (Figure 2B) are the 
45 photosensors or electron sensors as described 
hereinbefore. An additional pair of sensors may be 
provided in the Y direction. Alternatively, a plurality 
of sensors may be disposed in a ring-like fashion. In 
any case, the provision of sensors as a unit with an 
50 electron beam producing source assures that the 
sensors and the electron beam producing sourc 
are held in a fixed positional relationship, thus 
assuring improvements in the detection accuracy. 
Where photosensors are used, preferably an align- 
55 ment light source LP may be incorporated into the 
head MB, as illustrated in Figure 2C. Where a solid 
state element such as a light emitting diode or 
otherwise is used as the lamp LP, it can be formed 
simultaneously with the formation of the electron 
60 beam source, the sensors and the like, by means of 
the semiconductor manufacturing technology or the 
thick/thin film manufacturing techniques. 

In an occasion where a ultraviolet light source or a 
deep UV light source is used as the light source LP, 
65 it can be used also for the excitation of a resist WR 
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applied to the wafer WF surface. If the excitation is 
effected prior to the electron beam exposure, a thin 
unsolubility layer is form d on the surface of the 
resist WR, the unsolubility prop rty of such a layer 
being increased as a result of the electron beam 
exposure. Accordingly, by doing so, it is possible to 
increase the ratio of the film thickness to the width of 
a line drawn on the wafer. As a result, the sensitivity 
or resolution (aspect ratio) can be improved. This is 
desirable. As for the resist WR material, a material 
B RD2000N" (trade name) manufactured by Hitachi 
Kasei Kogyo, Japan, for example, may be used. The 
provision of the light source LP within the structure 
of the head MB provides an advantage of allowing 
preparatory exposure at the time of relative move- 
ment of the head to the wafer WF. 

Additionally, the light from the deep UV light 
source LP may be projected upon the thin film RS 
(electron emitting portion) at the time of exposure. 
By doing so, the number of emitted electrons 
increases. This is desirable. Further, where a light 
source providing a visible light is used as the light 
source LP, the formation of the thin film RS by use of 
a so-called photocathode material can provide 
substantially the same effects. As for such a 
photocathode material, various materials are usable. 
Examples are: a material comprising a compound of 
alkaline metal with Ag, Bi or Sb; a silver-cesium 
material; an antimony-cesium material; a bismuth- 
cesium material; a multi-alkaline material (a com- 
pound of alkaline metals), and so on. 

Each electron beam producing source may be 
formed by a semiconductive member such as 
disclosed in U.S. Patent No. 4,259,678 or Japanese 
Laid-Open Patent Application, Laid-Open No. 
Sho54-1 11272. Also, the light from the light source 
LP may be projected upon the thin film RS oniy when 
such a pattern as having a relatively wide linewidth is 
going to be drawn. 

As described above, these electron beam produc- 
ing sources can be easily provided on the base plate 
by means of the semiconductor manufacturing 
technology, and each electron beam producing 
source can be made compact. 

Figure 3 is a fragmentary view showing another 
example of an electron beam head which is usable in 
the electron beam pattern drawing apparatus of the 
Figure 1 embodiment. 

In the electron beam head of the Figure 3 
example, each pair of electron beam producing 
sources such as at ES1 and ES2, are provided as a 
"unit" beam producing source means. 

Usually, an electron beam producing source 
means is disposed in a vacuum ambience in order to 
increase the electron emission efficiency and to 
prevent undesirable attenuation of the emitted 
electrons. In this example, the electron beam 
producing source means can be surrounded by a 
plurality of vacuum partition chambers so that it can 
be substantially isolated from the atmosphere 
surrounding it. With this arrangement, a large 
amount of electrons can be emitted only with a 
low-voltage drive. Also in this case, the additional 
light projection as described hereinbefore assures 
improved efficiency. Further, only a single electron 



beam source may be used to draw a line of a narrow 
width, while plural electron beam sourc s may be 
used to draw a lin of a relatively wide width. This is 
effective to improve the pattern drawing speed. 

5 Also, a focusing lens such as at FC and a 
deflecting electrode such as at AD may be provided. 

In the structure shown in Figure 3, a plurality of 
partition wail members such as at V1 , V2 and V3 are 
used to define a plurality of partition chambers. 

10 Further, means may be provided to establish in 
these chambers different degrees of vacuum, the 
degree of vacuum decreasing in an order from the 
first chamber to the third chamber. This arrange- 
ment is effective to isolate the electron beam 

15 producing means from the atmosphere, without 
making the structure* large in size. Further, this 
allows use of a vacuum chuck VC for holding the 
wafer WF by vacuum attraction. In this example, 
sensors S1 1 and S12 may be mounted to the bottom 

20 surface of the partition wall member V1 , for example. 
Figure 4 is a fragmentary section showing another 
example of an electron beam emitting head usable in 
the Figure 1 embodiment. In the Figure 4 example, 
reference character BG denotes an electron beam 

25 emitting source of the type described hereinbefor . 
Also, as described in the foregoing, an electron 
beam EB is emitted from the source BG toward a 
wafer mark WM. As the wafer mark WM is irradiated 
with the electron beam EB, secondary electrons 

30 and/or reflected electrons as denoted at 2E in 
Figure 1 are produced from the wafer WF. These 
secondary electrons or reflected electrons ar 
received by one or more sensors PN, such as a p-n 
junction, for example, whicn are formed on the base 

35 member MB as a unit therewith. By this, the wafer 
mark WM is detected. 

Preferably, the position of the sensor on the base 
member MB is such that the sensor can efficiently 
detect secondary electrons or reflected electrons 

40 2e. Moreover, in the present embodiment, ring-like 
electrodes C1 and C2 are mounted on the base 
member MB side in order to further improve the 
efficiency of the electron detection. Additionally, an 
electric voltage Vex is applied between the electrode 

45 C1 and the electron beam producing source BG; an 
electric voltage Vd is applied to the electrode C2; 
and an electric voltage Vc is applied between the 
electron beam producing means BG and the wafer 
WF, as illustrated in Figure 4. 

50 Accordingly, when electric voltages (for example, 
Vex = 10 - 100 V; Vc - 1 - 10 KV; and Vd = 100 V) 
are applied, secondary electrons or reflected elec- 
trons 2E are efficiently collected and detected by the 
p-n junction sensor PN. 

55 Figure 5 shows an electron beam pattern drawing 
apparatus according to another embodiment of the 
present invention, which embodiment is a modified 
form of the Figure 1 embodiment. 

In Figure 5, an electron beam head MB1 is 

60 provided with plural sets of electron beam sources, 
each set comprising four electron beam sources 
such as ES1 - ES4 and corresponding to one chip. 
Each electron beam source is provided with X-Y 
deflecting lectrode means, similar to that used in 

65 the Figure 1 embodiment Thus, in the present 
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embodiment, patterns can be drawn on the four 
quadrant regions of everyone of the chips included 
in an array, at the same time and with the aid of the 
X-Y deflecting electrode means, in accordance with 
essentially the same principle as of the Figure 1 
example. This ensures further improvement in the 
pattern drawing speed. 

Further, the head MB1 is formed with alignment 
marks MM, these marks being aligned in a later 
stage with wafer alignment marks WMR, provided on 
the wafer, by use of light projection. 

First, after completion of such alignment, patterns 
are drawn upon all the chips in the array extending in 
the Y direction and positioned at this time just below 
the head MB1. With regard to the chips of the other 
arrays, subsequently the head and the wafer are 
moved relatively and intermittently (step-by-step) 
and similar alignment operation and the pattern 
drawing operation are repeated. 

Since, however, usually a wafer WF has a circular 
shape, it is possible that the wafer alignment marks 
WMR are not formed for everyone of the chip arrays 
in the Y direction. In such a case, first the electron 
beam head may be aligned with only one array at the 
central portion of the wafer and, once this is 
achieved, the succeeding exposures may be made 
without any feedback. Alternatively, the electron 
beam head may be aligned first by use of alignment 
marks WMR formed at the centra! portion of the 
wafer WF and, thereafter, the pattern drawing 
(exposure) is made in the sequence from the left to 
the right in Figure 5. At the time when the exposures 
of the right half of the wafer are completed, the 
electron beam head may be reversed leftwardly and, 
after completing again the alignment using the 
marks WMR again or using alignment marks WML 
formed at portions of the wafer which are unex- 
posed, the exposures to the remaining portions of 
the left half of the wafer may be made. 

Only for explanation of another alignment and 
exposure method which can be used in the present 
embodiment, another electron beam head is addi- 
tionally illustrated in Figure 5 as denoted by 
reference character MB2. 

In this case, the head MB2 is initially positioned at 
the leftward end portion of the wafer WF. First, a 
mark SM provided on a wafer stage is detected by 
use of a sensor S1 and, on the basis of which, the 
prealignment is carried out. Subsequently, in the 
prealigned state, marks M1 and M2 and sensors S2 
and S3 are used to measure the amount of positional 
deviation. Then, at the time of exposure, the electron 
beam irradiation is effected with the compensation 
of the detected positional deviation by using both or 
one of the X and Y deflecting electrodes. For the 
next array, first, marks M3 are used in a similar 
manner and any positional deviation is measured. On 
the basis of the result of measurement, exposures 
are made. For the subsequent array, similarly, the 
measurement of positional deviation and exposures 
are made. However, before conducting the 
measurement and the exposure, marks WML may be 
used to effect again the prealignment. 

It is possible that a mark M4 is used for 
measurement of the. positional deviation of the 



electron beam head positioned to be opposed to the 
array having the mark M4; in that position, the head 
operates to effect exposures of those regions are 
being covered by the electron beam sources ES and 
5 the deflecting electrodes X1 and X2; thereafter, 
while continuously moving the head or the wafer, the 
exposure is effected; after the exposure of the chips 
on that array are completed, the head or the wafer is 
stopped at the mark M5 position; and then the 

10 above-described operations are repeated. This 
corresponds to an intermediate of the step-and-re- 
peat exposure and the step-and-scan exposure. 

Figures 6A - 6D show further embodiments of the 
present invention which correspond to modified 

15 forms of the apparatus of the Figure 1 embodiment, 
respectively. Figure 6A shows an example wherein 
there are provided plural electron beam heads MB1 
and MB2 which are adapted to undertake the pattern 
drawing to the left half and the right half of a wafer 

20 WF, respectively. This arrangement permits further 
improvement of the throughput. 

Figure 6B shows an example wherein a smaller- 
diameter wafers WF1 and WF2 are subjected at once 
to the exposure using a single electron beam head 

25 , MB. Also in this example, the throughput can be 
improved significantly. 

Figure 6C shows an example wherein a plurality of 
electron beam heads MB1, MB2 and MB3 each 
having a short length are disposed along the Y 

30 direction. This example can suitably meet a case 
where the manufacture of a long head is difficult or 
to a case where a large-diameter wafer having a 
diameter not less than 8 inches is to be used. As 
described hereinbefore, usually the end portion of 

35 an electron beam head is provided with an alignment 
mark detecting portion or it is provided with a 
reinforcing structure. Accordingly, in this example, 
the plural electron beam heads* MB1 - MB3 should 
preferably be disposed in a staggered relation as 

40 illustrated. 

Figure 6D show an example wherein a plurality of 
electron beam sources are formed on a single head 
MB and wherein these electron beam sources are 
arranged to emit electron beams of different beam 

45 diameters. More specifically, the electron beam 
sources ES1 and ES2 have a large size diameter; th 
electron beam sources ES3 and ES4 have a 
middle-size diameter; and the electron beam sour- 
ces ESS - ES8 ... have a small-size diameter. Usually, 

50 first, the electron beam sources ESS - ES8 ... are 
used so that pattern portions except for those 
portions having a middle linewidth and a wide 
linewidth, are drawn on the wafer. Thereafter, by 
using the electron beam sources ES4, ES2 or 

55 otherwise, the pattern portions having a middle 
linewidth or a wide linewidth are drawn on the wafer. 
At this time, the head or the wafer is moved to allow 
that the pattern portions having a line width 
corresponding to the used electron beam source 

60 are drawn on each chip. 

Figure 7 is a schematic view for explicating the 
selective use of electron beam sources, according 
to another aspect of the present invention. The 
electron beam emitting head shown in Figure 7 is so 

65 arranged that a wafer mark is not detected by a 
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sensor provided on the head side but is detected on 
the basis of the magnitude of an electric current as 
absorbed by a wafer WF. 

In Figure 7, reference character WF denotes a 
wafer which contains a semiconductive material. A 
plurality of electron beam producing sources 
BG1 - BG7 adapted to produce electron beams 
EB1 - EB7 are formed on a single and common base 
plate GL, which may be made of a glass material, a 
semiconductive material or otherwise such as 
disclosed, for example, in Japanese Laid-Open 
Patent Applications, Laid-Open Nos. Sho54-111272 
and Sho56-15529. Additionally, there are provided a 
selection and driving circuit BS which is provided to 
selectively drive the electron beam producing sour- 
ces BG1 - BG7; a controller CC provided to control 
the apparatus as a whole; and an absorbed current 
detecting circuit AS adapted to detect the absorbed 
electric current which is caused as a result of the 
irradiation of an electron beam detecting an align- 
ment mark on the wafer WF. The alignment mark can 
be detected by scanning the mark on the wafer with 
an electron beam and by detecting any change in the 
absorbed electric current which change is caused 
with the change in the surface configuration at the 
mark portion of the wafer. An electron lens means, a 
deflecting electrode or a blanking electrode, having 
been described with reference to Figures 2 and 3, 
may be provided if necessary. 

In the described structure, if alignment marks are 
provided on the wafer WF at the positions as 
denoted by solid lines WM2 and WM6, respectively, 
the actual circuit device pattern should locate in the 
inside region between these marks WM2 and MW6. 
Accordingly, in such case, the electron beams EB3, 
EB4 and EB5 are selected for the drawing of the 
actual circuit device pattern, which the electron 
beams EB2 and EB6 are selected for the detection 
of the alignment marks. The selection is made at the 
selecting circuit BS. The selection is made in 
accordance with preset data which is determined on 
the basis of the positional relationship between the 
base plate GL and the wafer WF, the data being 
stored in the controller CC. The selected electron 
beam producing sources are selectively controlled 
for the alignment purpose and the pattern drawing 
purpose, respectively, by means of the selection and 
driving circuit BS and the controller CC. 

In operation, the electron beams EB2 and EB6 are 
emitted toward the marks, whereby electrons are 
absorbed by the wafer WF. The magnitude of the 
absorbed electric current is detected by the current 
detecting circuit AS, whereby the positions of the 
marks WM2 and WM6 can be determined. It should 
be noted however that, as described in the fore- 
going, it is desirable to produce the electron beams 
EB2 and EBB at different timings so that the mark 
detection signals can be discriminated from each 
other. On the basis of the mark detection, the wafer 
WF is aligned with the aid of the driving portion DM. 
Thereafter, the electron beams EB3 - EB5 are used 
to draw the circuit pattern in the manner as has been 
described with reference to Figure 1 or 5. 

If, on the other hand, the alignment marks ar at 
the positions shown by broken lines WM3 and WM5, 



th electron beams EB3 and EB5 are used for the 
alignment purpose, whil the lectron beam EB4 
and/or the electron beams EB1, EB2, EB6 and EB7 
are used for the exposure purpose. Also, if the 

5 alignment marks are at positions shown by broken 
lines WM1 and WM7, the electron beams EB1 and 
EB7 are used for the alignment, while the electron 
beams EB2 - EB6 are used for the exposure. 
However, it is to be noted that the electron beam 

10 sources can be selected somewhat freely. For 
example, while in the present embodiment the 
electron beam source BG6 is selected as an 
alignment scope beam irradiating source when the 
alignment mark WM6 is used, the selection of the 

15 source BG6 is not limitative. Namely, an adjacent 
electron beam source BG5 or BG7 may be selected. 

In the foregoing embodiments, the present inven- 
tion has been described in an aspect of a pattern 
drawing method wherein a pattern is drawn on each 

20 chip on a wafer by scanning and ON-OFF controlling 
an electron beam while deflecting the same by use of 
deflecting means. Next, description will be made of 
another aspect of the present invention, according 
to which the present invention is applied to another 

25 pattern drawing method which is different from that 
in the foregoing embodiments. 

Referring now to Figures 8 and 9, there is shown 
an electron beam pattern drawing apparatus accord- 
ing to a seventh embodiment of the present 

30 invention. In these Figures, denotes at 1 is a wafer; 
at 2 f an electron source means comprising a plurality 
of electron sources arrayed one-dimensionalty to 
provide an array of electron sources; and 4, an 
electron beam head comprising the electron source 

35 means 2. While not shown in these Figures, each 
electron source is provided with deflecting means 
and detecting means, as has been described with 
reference to the Figure 1 embodiment. Thus, the 
electron beam head 4 of the present embodiment 

40 has a similar structure as that of the Figure 1 
embodiment. However, in this embodiment, the 
electron sources of the present embodiment should 
preferably be disposed more densely in the one- 
dimensional direction. The multi-chamber structure 

45 shown in Figure 3, for forming a vacuum ambienc 
for the electron beam sources, may be similarly 
adopted. Also, the detection of secondary electrons 
and/or reflected electrons and the selective use of 
plural electron beam sources, as has been de- 

50 scribed with reference to Figure 7, may be adopted 
similarly. 

Accordingly, description will be made to the 
operation of the electron beam pattern drawing 
apparatus of the present embodiment, in a cas 

55 where it is used in accordance with a pattern 
drawing method which is different from that used in 
the foregoing embodiments. 

After completion of the alignment made in a 
similar manner as has been described with reference 

60 to the first embodiment, a controller 100 (which 
corresponds to the controller CAD in Figure 1) 
operates to actuate a pulse motor PM (which will b 
described later) to cause it to move the head 4 so 
that the head 4 is inclined by a predetermined angle 

65 6 with respect to the X direction. The angle 0 is 
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determined preparatorily in accordance with an 
equation "6m = sin -1 (d/kD)" wherein k >; 1, the 
equation being provided to determine a reference 
value, as will be described later in more detail. The 
angle 9 is stored in the controller 100. 

In order to draw a pattern 3 on a wafer 1, the 
wafer 1 is moved at a constant speed in the X-axis 
direction. At this time, the electron beam head 4, 
namely the electron source means 2 is disposed so 
that the direction of one-dimensional array of the 
electron sources of the electron source means 2 
defines an angle G with respect to the X-axis 
direction, namely the moving direction of the wafer 1. 
Where the width of each electron emitting portion of 
the electron source means 2 is denoted by d and the 
interval between the electron sources is denoted by 
D, then the angle 6 can be expressed as follows: 

9 - sin" 1 (d/D) (1) 

However, in consideration of the possibility of 
corrected pattern-drawing described later, the angle 
is determined in accordance with the following 
equation: 

0 M = sin-^d/kD) 

wherein k > ; 1. 
While moving the wafer 1 in the described manner, 
electrons are emitted from the electron sources at 
desired timings, whereby a pattern such as shown in 
Figure 3 is formed. The electron emission timing can 
be determined in the manner described hereinbe- 
fore. 

In the side view of Figure 9, showing the positional 
relation between the electron source means 2 and 
the wafer 1 , reference numeral 6 denotes an electron 
emitting portion; a reference numeral 5 denotes 
electrons emitted from the electron emitting portion; 
reference character ST denotes a wafer stage; a 
reference character SD denotes a wafer stage 
driver. 

Since, as best seen in Figure 9, the head 4 is 
disposed close to or in close proximity to the wafer 
1 , each picture element of the pattern 3 formed in the 
described manner on the wafer 1 has substantially 
the same size as of each electron emitting portion 6. 
Further, the electron source means is disposed to 
satisfy the equation (1') which will be set forth later. 
Accordingly, there is formed no spacing between a 
line as drawn by one electron source and a line as 
drawn by an adjacent or next electron source. The 
angle 9 defined between the moving direction of the 
wafer 1 and the direction of the one-dimensional 
array of the electron sources of the electron source 
means 2 is determined in accordance with the 
equation (1') set forth later. 

The angle 0 is measured by use of a rotary 
encoder and, on the basis of the information 
concerning the result of measurement, the control- 
ler CPU (100) controls the pulse motor PM which is 
provided above the electron source means, so that 
the electron source means is rotationally moved by a 
predetermined angle with the actuation of the pulse 
motor PM. By this, the electron beam head 4 is set in 
its correct angular position. 

The CPU 100 also functions to control the 
movement of the wafer stage ST by way of the stage 
driver SD. 



As described with reference to some of the 
foregoing embodiments, the change in shape of a 
wafer which results from the change in temp nature, 
the heat treatment or other processings, causes an 
5 error in the pattern drawing magnification. The 
present embodiment also allows correction of such 
an error of the pattern drawing magnification (range) 
according to a preset circuit pattern data. 
Any change in the size of each chip, namely any 

10 change in the position thereof with respect to the 
X-Y coordinate system, can be detected in the 
manner as described with reference to the Figure 1 
embodiment. In accordance with the detected 
change in the position with respect to the X-Y 

15 coordinate system, inclination 8 of the electron 
source array 2 shown in Figure 8, for example, or the 
timing of electron emission from the electron source 
means 2 is adjusted, by which the magnification can 
be corrected. Details of the manner of adjustment 

20 will be described below. 

The component in the Y-axis direction in Figure 8, 
namely the component in the direction perpendicu- 
lar to the moving direction of the wafer 1, can be 
corrected by minutely adjusting the angle 8 which 

25 the direction of array of the electron sources forms 
with respect to the X axis. 

If the angle 0 is expressed by: 
8 = sin" 1 (d/D) 
as in the equation (1) set forth hereinbefore, th 

30 pattern which can be drawn by the electron beams is 
such as shown in Figure 14A. It is seen therefrom 
that, if the angle of inclination is larger than the angle 
0, the formed dots are separated as shown in Figure 
14B. Accordingly, in order to avoid this, the angle 0 

35 should be set at a value (reference value) which is 
not greater than "sin~ 1 (d/D)". 

For example, it is now assumed that, as the 
reference angle 0, such an angle 0m that is given by 
the following equation is used: 

40 0m = sin~ 1 (d/kD) (V) 
wherein k > ; 1. 

Since the interval between dots in this case is d/k, if 

the angle 9 is changed from 0m to 0l, wherein 
0l = sin- 1 (d/D), 
45 then the dot interval increases to "d". Thus, without 

separation of dots, the dot interval can be enlarged 

by k-times larger. Also, as the angle 0. an angle 0s 

wherein 

0s - sin~ 1 (d/k'D) 
50 . wherein k' > ; k >; 1, 

is used, the dot interval can be reduced at the ratio 

of k/k\ 

On the other hand, the correction of the compo- 
nent in the X-axis direction which is the moving 

55 direction of the wafer 1, is made by minutely 
adjusting the timing of electron emission from each 
electron source and/or the moving speed v of the 
wafer 1, preferably while taking into account the 
error due to the minute adjustment of the angle 0. 

60 In this case, as in the case of the component in the 

Y-axis direction, the dots can be formed so as to 
contact with each other such as shown in Figur 
14C, if the clockpulse t = d/v. If the pattern drawing 
speed is increased from "v" to "v -4- Av" while 

65 retaining such a clockpulse, the formed dots are 
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separated as shown in Figure 14D. Thus, a continu- 
ous line can not be drawn. In consideration of this, as 
a r ference clock, such a value tM which is given by 
th following equation is selected: 

t M - d/kv 

wherein k > ; 1. 

By using such a clock tM, the dot interval becomes 
equal to "d/k\ Thus, by retarding the clock by 
multiplying the same by "k°, for example, or by 
retarding the wafer moving speed v by multiplying 
the same by *1/k\ the dot interval can be increased 
by k-times larger in the X-axis direction without 
separation of dots. Also, if the clock is accelerated 
with respect to the reference value tM by multiplying 
the former by n k/W* or if the wafer moving speed is 
accelerated by multiplying the same by n k7k" so that 

Ps = d/k'v, 
wherein k' >; k >; 1, 

then the dot interval can be reduced at the ratio of 
k/k'. Thus, by adjusting the array of electron sources 
and/or the timing of electron emission from the 
electron sources, in the manner described above, 
any change in the shape of the wafer in the X and Y 
directions can be sufficiently compensated. 

Referring now to Figures 10A, 10B and 11, 
description will be made of an electron beam pattern 
drawing apparatus according to a further embodi- 
ment of the present invention. 

In a case where each electron emitting portion 6 
(Figure 9) has a circular shape and the array of 
electron sources disposed one-dimensionalfy is 
inclined by an angle 6 with respect to the moving 
direction X of the wafer, as shown in Figure 8, and if 
the pattern drawing is made so that the dots formed 
on the wafer by means of the electron sources do 
not overlap upon one another, the pattern formed on 
the wafer 1 and comprising a line parallel to the X 
axis and a line parallel to the Y axis is such as shown 
in Figure 10A. Thus, a rectilinear pattern can not be 
drawn. Such a problem can be solved by the present 
embodiment, and a rectilinear pattern such as 
depicted in Figure 10 can be drawn by the present 
embodiment. 

The arrangement of electron sources disposed 
one-dimensionally, for assuring this, is illustrated in 
Figure 11 . In this Figure, an electron emitting head 20 
is provided with a plurality of electron sources 
having electron emitting portions EB1 - EB6, re- 
spectively. As shown in this Figure, each electron 
emitting portion has a square shape. 

The X-Y coordinate system shown in Figure 11 
corresponds to the coordinate system of the wafer 1 
shown in Figure 8. Also in this example, the direction 
along which the electron sources are arrayed 
one-dimensionally is inclined by an angle 8 with 
respect to the wafer moving direction (X-axis 
direction). The value of the angle 9 is given similarly 
in accordance with the equation (1) set forth 
hereinbefore. However, as will be seen from Figure 
11, each electron emitting portion has a square 
shape wherein one side is parallel to the wafer 
moving direction (X-axis direction). The remaining 
portion of the structure and the operation of the 
pr sent embodiment a:?: similar to those of the 
embodiment described with reference to Figures 8 



and 9. 

Particularly, however, description will be made of 
the mann r of drawing a pattern P comprising 
picture lements 21 - 25, as shown in Figure 1 1 . 
5 First, after completion of the alignment between 
the electron beam head and the wafer, the wafer is 
moved at a constant speed v in the negative X-axis 
direction. It is now assumed that the time at which a 
wafer surface position corresponding to the picture 

10 element 21 comes just underneath the electron 
emitting portion EB1 is denoted by t1; the time at 
which a wafer surface portion corresponding to the 
picture element 22 comes just underneath the 
electron emitting portion EB1 is denoted by t2; the 

15 time at which a wafer surface portion corresponding 
to the picture element 23 comes just underneath the 
electron emitting portion EB1 is denoted by t3; the 
time at which a wafer surface portion corresponding 
to the picture element 24 comes just underneath the 

20 electron emitting portion EB2 is denoted by t4; and 
the time at which a wafer surface portion corre- 
sponding to the picture element 25 comes just 
underneath the electron emitting portion EB3 Is 
denoted by t5. Then, by controlling the electron 

25 emission so that electrons are emitted from the 
electron emitting portion EB1 at times t1, t2 and t3; 
that electrons are emitted from the electron emitting 
portion EB2 at the time t4; and that electrons are 
emitted from the electron emitting portion EB3 at the 

30 time t5, then the pattern P as depicted in Figure 11 
can be drawn on the wafer. 

In this case, each electron emitting portion has a 
square shape and is disposed so that one side of the 
square shape is parallel to the moving direction of 

35 the wafer. Accordingly, a rectilinear pattern compris- 
ing portions in parallel to the X and Y directions can 
be drawn. 

Description will be made of another embodiment 
of the present invention, by using Figure 11 again. In 

40 the example described just above, electrons are 
emitted from electron sources at times t1 - 15. In the 
present embodiment, a similar arrangement is used. 
However, in the present embodiment, the shortest 
one of the intervals of these timings is used as a 

45 clockpulse and, by using such a clockpulse, the 
electron emission time for each electron source is 
counted. 

It is now assumed that the moving speed of th 
wafer is v; the size of each of the electron emitting 
50 portions is d; and the interval between two adjacent 
electron emitting portions is D. Then, the shortest 
timing tmin can be given by the following equation: 
W - d/kv (2) 
wherein k ^ 1. 
55 The ordinary timing ti can be given by the following 
equation: 

U = (md + nD')/kv (3) 
wher ein m and n = 0, 1, 2, 3, ... 
D' = |/D 2 -(d/k) 2 . 
60 In order to count the ordinary timing t, while using 
Uin in equation (2) as the clockpulse, it is necessary 
that ti/tmm is an i nt gral numb er. Namely, sine 

WW, = m + n l/P/d ) 2 -(1/k)* (4) 
Then, if l/D/d) 2 -(1/k) 2 is an integral number, the 
65 value obtainable from equation (4) is always an 
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inte gral number . Thus, if 
]/ (D/d) 2 -(1/kp = £ 

wherein 2 is an integral number and if the interval 
D between the electron emitting portions is set so 
that: 

D-d^z + (1/k)2 
then it is possible to count the ordinary timing tj by 
using the shortest timing tnin as a clockpulse. 

In other words, by employing an electron source 
structure in which the interval between the electron 
emitting portions satisfies the above-described 
relation, the manner of driving the electron sources 
can be simplified. 

Referring now to Figure 12 description will be 
made of an electron beam pattern drawing appara- 
tus according to a further embodiment of the 
present invention. In the apparatus of the Figure 12 
embodiment, at least two electron source units each 
having a plurality of electron sources arrayed 
one-dimensionally. In Figure 12, reference numeral 
31 denotes an array of electron sources (electron 
source unit) wherein a plurality of electron sources 
are disposed one-dimensionally, as in the Figure 11 
embodiment. Reference numeral 32 denotes an- 
other electron source unit having the same struc- 
ture. 

Upon pattern drawing, the wafer is moved in the 
X-axis direction, as in the case of the foregoing 
embodiment. The electron source arrays 31 and 32 
are preparatorily disposed so that they can draw 
patterns 35, 36. 37 and 38, which could be drawn if 
electron emitting portions EB22', EB23', EB24' and 
EB25' having the same pitch as of the electron 
emitting portions EB11-EB15 of the electron 
source array 31 are disposed, as an array 32', in 
series to the electron emitting portions of the 
electron source array 31. 

In this particular example, the electron source 
arrays 31 and 32 are so set that the line as drawn by 
the electron emitting portion EB15 of the electron 
source array 31 and the line as can be drawn by the 
electron emitting portion 21 of the electron source 
array 32 overlap upon one another, as seen from the 
pattern 34 depicted in Figure 12. The abutting 
surfaces (shown at 40) of the electron source arrays 

31 and 32 is parallel to the direction of one-dimen- 
sional array of the electron emitting portions. 
Therefore, in order to set these electron source 
arrays in the manner described above, it is only 
necessary to relatively shift the electron source array 

32 in parallel to the abutting surface 40, as depicted 
by an arrow 33 in Figure 12. Disposing the electron 
source arrays 31 and 32 in the described manner 
allows the electron source array 32 to draw a line 
that could be drawn if the electron source array 31 is 
extended or enlarged one-dimensionally to provide 
an extension (electron source array 32'). In other 
words, the electron emitting portions EB22 - EB25 of 
the electron source array 32 correspond to the 
electron emitting portions EB22' - EB25' of the 
electron source array 32', respectively. Since, as 
described, the electron emitting portions EB15 and 
EB21 are disposed so as to draw the same line, a line 
as drawn by the electron source array 31 can be 
exactly connected to a line as drawn by the electron 



source array 32. 

The described arrangement of the electron source 
means is effective to reduce the number of electron 
sources included in one unit (the array 31 or 32). 
5 Thus, the yield of such a unit can be improved. 
Additionally, even if one electron emitting portion is 
broken, it is not necessary to replace the hole 
electron source means. What is necessary is to 
replace only such a unit having a disordered electron 

10 emitting portion. 

Referring now to Figure 13, description will be 
made of an electron beam pattern drawing appara- 
tus according to a still further embodiment of th 
present invention. 

15 In this embodiment, the electron beam pattern 
drawing apparatus is arranged so that the inclination 
angle 0 of an electron source array with respect to 
the moving direction of a wafer can be monitored, 
without use of a rotary encoder. In some embodi- 

20 ments described hereinbefore, the inclination angle 
0 is measured by use of a rotary encoder. However, 
in this embodiment, as shown in Figure 13, an 
electron source unit in which a plurality of electron 
sources 2 are arrayed one-dimensionally, is provided 

25 with a semiconductor laser 51 and a line sensor 52. 
The semiconductor laser 51 has a collimator lens 
disposed therein. A laser beam 54 emitted from the 
laser unit 51 is projected upon a mirror 53 having a 
reflection surface disposed in parallel to a referenc 

30 surface which depicts the orientation of the wafer 1 . 
The laser beam 54 reflected by the mirror 53 is 
incident upon the line sensor 52. The line sensor 52 
produces a signal which is supplied to a central 
processing unit (not shown), whereby the angle 8 

35 can be determined on the basis of the position of th 
reflected light from the mirror 53 upon the line 
sensor 52. As for the reference surface depicting the 
orientation of the wafer 1, an orientation flat of the 
wafer or otherwise may be used. 

40 In accordance with the concept of the present 
embodiment, described above, the orientation of the 
electron source array as assumed when the wafer is 
being moved can be monitored. Thus, the real-tim 
monitoring is attainable. 

45 While the invention has been described with 
reference to the structures disclosed herein, it is not 
confined to the details set forth and this application 
is intended to cover such modifications or changes 
as may come within the purposes of the improve- 

50 ments or the scope of the following claims. 
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Claims 



1. An electron beam producing apparatus, 
comprising: 

a plurality of electron beam producing 
sources; and 

means for controlling said electron beam 
producing sources, said controlling means 
being operable to selectively control said 
electron beam producing sources for different 
uses. 
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2. An apparatus according to Claim 1 f 
wherein said electron beam producing sources 
are formed on a common base member. 

3. An el ctron beam patt rn drawing appara- 
tus for drawing, by use of an electron beam, a 5 
circuit pattern on a workpiece having a surface 
coated with a sensitive material, said apparatus 
comprising: 

a plurality of electron beam producing 
sources; and 10 

means for selectively driving said electron 
beam producing sources for different uses. 

4. An apparatus according to Claim 3, 
wherein said selectively driving means selec- 
tively drives said electron beam producing 15 
sources for drawing the pattern arid for detect- 
ing the position of the workpiece. 

5. An apparatus according to Claim 3, 
wherein said selectively driving means is oper- 
able to selectively drive said electron beam 20 
producing sources to detect a pattern drawing 
magnification. 

6. An apparatus according to Claim 5, further 
comprising: 

electron beam detecting means for detect- 25 
ing secondary electrons and/or reflected elec- 
trons caused as a result of the irradiation of the 
workpiece by an electron beam from at least 
one of said electron beam producing sources; 

calculating means operable in accordance 30 
with the detection by said detecting means to 
calculate the pattern drawing magnification ; 

means for changing the pattern drawing 
magnification in accordance with the result of 
calculation made by said calculating means. 35 

7. An apparatus according to Claim 3, 
wherein said electron beam producing sources 
are formed on a common base member. 

8. An apparatus according to Claim 3, 
wherein each of said electron beam producing 40 
sources comprises an electron emitting ele- 
ment of a type wherein emission of electrons 
from a cold cathode is used. 

9. An apparatus according to Claim 4, further 
comprising means for detecting the position of 45 
the workpiece, said position detecting means 
being operable to detect secondary electrons 
and/or reflected electrons caused as a result of 

the irradiation of the workpiece with an electron 
beam. 50 

10. An apparatus according to Claim 9, 
wherein at least two electron beam producing 
sources are driven by said selectively driving 
means for the detection of the position of the 
workpiece and wherein, at this time, said at 55 
least two electron beam producing sources are 
driven so as to emit electron beams sequen- 
tially so that the workpiece is irradiated with the 
electron beams sequentially. 

11. An apparatus according to Claim 9, 60 
wherein said detecting means and said electron 
beam producing sources are provided on a 
common base member. 

12. A charged-particle beam producing ap- 
paratus, comprising: 65 



a charged-particle beam producing sourc 
having a vacuum partition wall; 

driving means for driving said charged-par- 
ticle beam producing source; 

detecting means provided on said vacuum 
partition wall, for detecting secondary charged- 
particles and/or reflected charged-particles; 
and 

control means for controlling the charged- 
particle beam. 

13. An apparatus according to Claim 12, 
wherein said vacuum partition wall has. a 
multi-chamber structure wherein the degree of 
vacuum can be increased stepwise and wherein 
said detecting means is disposed in an inner- 
most portion wherein the degree of vacuum is 
highest. 

14. An apparatus according to Claim 12, 
wherein said detecting means includes a p-n 
junction. 

15. An apparatus according to Claim 12, 
wherein said detecting means and/or said beam 
controlling means includes at least one of a coll, 
a sensor and an electrode. 

16. An apparatus according fo Claim 12, 
wherein a plurality of charged-particle beam 
producing sources are provided on a common 
base member. 

17. An apparatus according to Claim 16, 
wherein said piural charged-particle beam pro- 
ducing sources are selectively driven for differ- 
ent uses. 

18. An electron beam pattern drawing appara- 
tus, comprising: 

at least one of an electron source array in 
which a plurality of electron sources are 
disposed one-dimensionally and with predeter- 
mined intervals; 

timing controlling means for controlling th 
timing for the emission of electron beams from 
said electron sources; and 

moving means for relatively moving an 
object upon which a pattern is going to be 
drawn by use of the electron beams from said 
electron sources, while retaining a predeter- 
mined angle with respect to said electron 
source array. 

19. An apparatus according to Claim 18, 
wherein the following relation is satisfied: 

9 = sin" 1 (d/kD) 
where d is the size of an electron emitting 
portion of each of said electron sources, D is 
the interval between adjacent electron sources 
and 0 is the angle defined between the direction 
of array of said electron sources and the 
direction of the relative movement and wherein 
k ^ 1. 

20. An apparatus according to Claim 18, 
wherein said electron emitting portion has a 
square shape having one side which is substan- 
tially parallel to the direction of the relative 
movement. 

21. An apparatus according to Claim 18, 
wherein the following relation is satisfied: 

D = d |/*2 + (1/k)* 
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where d is the size of an electron emitting 
portion of each of said electron sources, and D 
is the interval between adjacent electron sour- 
ces and wherein £ is an integral number and k 
> 1. 5 

22. An apparatus according to Claim 18, 
wherein the following relation is satisfied: 

t = d/kv 

where t is a clockpulse for controlling said 
timing and v is the' speed of the relative 10 
movement and wherein k ^ 1. 

23. An apparatus according to Claim 18, 
wherein a plurality of electron source arrays are 
provided which are disposed substantially in 
parallel to each other. 15 

24. An apparatus according to Claim 18, 
wherein the main assembly of said electron 
beam source includes a light emitting portion 
and a light receiving line sensor and wherein the 

light emitted from said light emitting portion is 20 
reflected by a plane which is parallel to a 
reference plane designating the orientation of 
the object, the reflected light being detected by 
said light receiving line sensor such that any 
change in said predetermined angle is moni- 25 
tored. 

25. An apparatus according to Claim 18, 
wherein a plurality of electron source arrays are 
disposed so that a line drawn by at least one 
electron source of one electron source array 30 
and a line, or an extension thereof, drawn by at 
least one electron source of another electron 
source array superpose upon one another. 

26. An apparatus according to Claim 18, 
further comprising magnification changing 35 
means effective to adjust said predetermined 
angle and said electron beam emission timing 
and/or the speed of the relative movement, to 
thereby change the pattern drawing magnifica- 
tion. 40 

27. A multi-electron-beam pattern drawing 
apparatus, comprising: 

means for detecting a pattern drawing 
magnification; and 

magnification changing means operable in 45 
accordance with the detection by said detect- 
ing means to change the pattern drawing 
magnification. 

50 
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© A multi-electron-beam pattern drawing apparatus 
having a plurality of electron beam sources (ES0- 
ES15) and a plurality of electron beam sensors (e.g. 
S1-S9), provided on a common base member (MB), 
is disclosed. The electron beam sources can be 



selectively driven for different uses, such as a pat- 
tern drawing (exposure) purpose and position d tect- 
ing purpose, for example. In another aspect the 
apparatus is provided with a function for correcting 
the pattern drawing magnification. 
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